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1HXWULQRFRKHUHQWVFDWWHULQJ
7KHSURFHVVRIQHXWULQRFRKHUHQWHODVWLFLQWHUDFWLRQZLWKDWRPLFQXFOHLDWWUDFWHGDWWHQWLRQORQJWLPHDJR>@7KH
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ZKHUHGFLVWKH)HUPLFRQVWDQWF(Q2)LVWKHIRUPIDFWRUDWIRXUPRPHQWXPQDQGQW N±±sin2(șW))ZLVWKH
ZHDNFKDUJHIRUDQXFOHXVZLWKNQHXWURQVDQGZSURWRQVșWLVWKHZHDNPL[LQJDQJOH
7KH WRWDOFURVVVHFWLRQKDV WKH ODUJHVW IRUQHXWULQRUHDFWLRQVYDOXHGXH WRFRKHUHQWHQKDQFHPHQW IDFWRUa1IRU
KHDY\HQRXJKQXFOHLDQGFDQEHSDUDPHWHUL]HGDV
ߪ ൎ ͲǤͶ ή ͳͲିସସܰଶሺܧఔሻଶܿ݉ଶ   
7KH UHDFWLRQ KDV QHYHU EHHQ REVHUYHG EHFDXVH RI WKH YHU\ ORZ HQHUJ\ XS WR VHYHUDO WHQWK RI NH9 RI UHFRLO
QXFOHL
'HWHFWRU5('
:HSURSRVH WRXVH WZRSKDVHHPLVVLRQGHWHFWRU IRUQHXWULQRVFDWWHULQJHYHQW7KHHPLVVLRQPHWKRGRISDUWLFOH
GHWHFWLRQZDV LQYHQWHGDERXW\HDUV DJR >@3DUWLFOHV LQWHUDFWZLWK WKHFRQGHQVHG WDUJHWPHGLXPH[FLWLQJDQG
LRQL]LQJDWRPVJHQHUDWLQJSURPSWVLJQDOLQIRUPRIVFLQWLOODWLRQ,RQL]DWLRQHOHFWURQVGULIWWRWKHIUHHOLTXLGVXUIDFH
XQGHU LQIOXHQFHRIHOHFWULF ILHOG ,Q WKHJDVSKDVHGULIWLQJHOHFWURQVJHQHUDWHHOHFWUROXPLQHVFHQWVLJQDO VHFRQGDU\
VFLQWLOODWLRQ $Q DUUD\ RI SKRWRPXOWLSOLHUV LV XVHG WR GHWHFW ERWK VFLQWLOODWLRQ VLJQDOV 7KH WZRGLPHQVLRQDO
GLVWULEXWLRQRIGHWHFWHGVFLQWLOODWLRQSKRWRQVFDQEHXVHGWRGHWHUPLQHWKHFRRUGLQDWHVRIWKHRULJLQDOHYHQWVLQSODQH
6LQFHWKHVHFRQGDU\VFLQWLOODWLRQLVGHOD\HGIURPWKHSULPDU\RQHE\WKHHOHFWURQGULIWWLPHWKHWKLUGFRRUGLQDWHRI
WKHLQWHUDFWLRQFDQEHUHFRQVWUXFWHGIURPWKHGHOD\WLPHDQDO\VHV

)LJ5('WLWDQLXPZDUPYHVVHOWRS307DUUD\;HQRQJDVJDSOLTXLG;HQRQWHIORQUHIOHFWRUERWWRP307DUUD\WLWDQLXP
FROGYHVVHO
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5(' 5XVVLDQ(PLVVLRQ'HWHFWRU LVXQGHUFRPPLVVLRQLQJQRZ7KHGHVLJQRI WKHGHWHFWRU LVSUHVHQWHGDW
)LJ$FU\RVWDWRIWKHGHWHFWRULVPDGHRIORZUDGLRDFWLYLW\WLWDQLXP7KHWDUJHWYROXPHRIPPGLDPHWHULV
ILOOHG ZLWK OLTXLG ;HQRQ DQG LV YLHZHG E\ WZR DUUD\V RI QLQHWHHQ ´GLDPHWHU SKRWRPXOWLSOLHUV RI +DPDPDWVX
57KHGLVWDQFHEHWZHHQWKH307DUUD\VLVPP7KHLQWHUQDOYHVVHORIWKHFU\RVWDWLVFRROHGGRZQDQG
NHSWDWWKHFRQVWDQWWHPSHUDWXUHXVLQJWKHWKHUPRV\SKRQWHFKQRORJ\7KHWRWDOPDVVRIOLTXLG;HQRQLVNJ7KH
GDWDZLOOEHWDNHQIURPWKHFHQWUDOILGXFLDOYROXPHRINJPDVV
6SDOODWLRQ1HXWURQ6RXUFH
:H FRQVLGHU 6SDOODWLRQ 1HXWURQ 6RXUFH 616 DFFHOHUDWRU IDFLOLW\ RI WKH 2DN 5LGJH 1DWLRQDO /DERUDWRU\ LQ
86$ DV WKH PRVW SURPLVLQJ LQWHQVLYH SXOVHG VRXUFH RI QHXWULQR $W 6SDOODWLRQ 1HXWURQ 6RXUFH QHXWULQRV DUH
SURGXFHGDVDUHVXOWRIGHFD\VRISLRQVDQGPXRQVDIWHULQWHUDFWLRQRISURWRQVZLWKDPDVVLYHQXFOHXVWDUJHW7KH
616LVD0:*H9SURWRQDFFHOHUDWRUSURGXFLQJQHXWURQVE\VSDOODWLRQLQDEXONPHUFXU\WDUJHW(YHU\SURWRQ
LQWHUDFWLQJZLWKWKHWDUJHWDOVRJLYHVS൅ DQGPLQDYHUDJH7KHQHJDWLYHSLRQVDUHTXLFNO\VWRSSHGDQG
FDSWXUHGE\DWRPLFQXFOHLZLWKOLWWOHFKDQFHWRGHFD\2QWKHFRQWUDU\WKHVWRSSHGSDQGPGHFD\DWUHVWDQGFUHDWH
WKUHHQHXWULQRVSHFLHV PXRQQHXWULQRDQGDQWLQHXWULQR HOHFWURQQHXWULQR7KHSURWRQEHDPDW WKH616KLWV WKH
WDUJHWZLWKQVEXQFKHVDW+]IUHTXHQF\'XHWRWKHVKRUWEHDPVSLOOWKHQHXWULQRVDW616KDYHVSHFLILFWLPH
GLVWULEXWLRQVPXRQQHXWULQRVIURPWKHSLRQGHFD\VDUHSURGXFHGGXULQJDEHDPVSLOOEXWPXRQDQWLQHXWULQRVDQG
HOHFWURQQHXWULQRVKDYH WLPHGLVWULEXWLRQZLWKDPXRQ OLIH WLPHRIPV WKDWSURYLGHVXQDPELJXRXVVLJQDWXUHRI
QHXWULQRVFDWWHULQJVLJQDOV>@
'HWHFWLRQRIFRKHUHQWQHXWULQRVFDWWHULQJ
7KH5('UHVSRQVHWRQHXWULQRVFDWWHULQJDQGEDFNJURXQGHYHQWVZDVVLPXODWHGLQFRPSXWDWLRQDOPRGHOEDVHG
RQ*HDQW>@>@ZLWKDLPRISDFNDJH1(67>@GHVFULELQJLQWHUDFWLRQRIFKDUJHGSDUWLFOHVLQQREOHJDVHVEDVHG
GHWHFWRUV
7KH VLJQDWXUH RI XVHIXO HYHQW LV SDLU RI SULPDU\ VFLQWLOODWLQJ VLJQDO DQG HOHFWUROXPLQHVFHQW VLJQDO 1RW DOO RI
FRKHUHQW VFDWWHULQJ HYHQWV SURGXFH SULPDU\ VFLQWLOODWLRQ VLJQDO EXW WR FRPSOHWHO\ UHDOL]H WKH EHQHILWV RI 616
QHXWULQRVWLPHVWUXFWXUHRQO\GRXEOHHYHQWVVKRXOGEHWDNHQLQWRDFFRXQWSURYLGLQJSRVVLELOLW\WRJHWSUHFLVHWLPH
FRUUHODWLRQZLWKSXOVHGEHDP
7KHUHVXOWRIWKHGHWHFWRU5('UHVSRQVHVLPXODWLRQFRUUHVSRQGLQJWRVXFKGRXEOHVLJQDOVLVSUHVHQWHGDWWKH
)LJ7KHGLVWDQFHIURPWKH616WDUJHWFRUUHVSRQGVWRP
7KHWLPHVWUXFWXUHRIWKH616EHDPJLYHVWKHRSSRUWXQLW\WRVHOHFWQHXWULQRVFDWWHULQJHYHQWVFRUUHVSRQGLQJWR
GHOD\HGSRUWLRQRIQHXWULQRIOX[RQO\RULJLQDWLQJIURPPGHFD\6RUWLQJRXWHYHQWVDUULYLQJPVDIWHUEHDPSXOVH
UHGXFHV DYDLODEOH QHXWULQR IOX[ E\ IDFWRU  7KH UHVXOW RI WKH GHWHFWRU 5(' UHVSRQVH VLPXODWLRQ
FRUUHVSRQGLQJWRVXFKGHOD\HGVLJQDOVLVSUHVHQWHGDWWKH)LJ
7KHGHWDLOHGWUHDWPHQWRIEDFNJURXQGVRXUFHVZDVSHUIRUPHG7KHOLVWFRQVLVWVRI
x QDWXUDOUDGLRDFWLYLW\IURPGHWHFWRUFRPSRQHQWVLQFOXGLQJ307
x QDWXUDOUDGLRDFWLYLW\IURPVXUURXQGLQJFRQVWUXFWLRQPDWHULDOV
x FRVPLFPXRQV
x QHXWURQVLQGXFHGE\FRVPLFPXRQLQWHUDFWLRQZLWKVXUURXQGLQJFRQVWUXFWLRQPDWHULDOV
7KH WLPHVWUXFWXUHRI WKH616EHDPZLOOJUHDWO\UHGXFHEDFNJURXQGUDWHVVLQFHDOOQHXWULQRVZLOODUULYHZLWKLQ
VHYHUDOPLFURVHFRQGVDIWHU WKHEHDPSXOVHV >@$VD UHVXOWDOOEDFNJURXQGHYHQWVZLOOEHVXSSUHVVHGE\D IDFWRU
aE\LJQRULQJHYHQWVWRRODWHDIWHUDEHDPSXOVH
7KHPRVWGDQJHURXVEDFNJURXQGVRXUFHLVWKHEHDPLQGXFHGKLJKHQHUJ\QHXWURQVIOX[EXWLWFDQEHVXSSUHVVHG
E\DSSURSULDWHVLWLQJDQGVKLHOGLQJ7KHPHDVXUHPHQWVZLWKPVWLPHFXWZLOOUHGXFHPXFKWKLVEDFNJURXQGVRXUFH
WRREHFDXVHHPLVVLRQRIVXFKQHXWURQVRFFXUZLWKLQWKLVWLPHZLQGRZPDLQO\
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H[SHULPHQWDOFRQGLWLRQVSURPLVHJRRGRSSRUWXQLW\WRUHJLVWHUWKLVUHDFWLRQ
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(GXFDWLRQDQG6FLHQFHYLDJUDQWV
7KHDXWKRUVDFNQRZOHGJHWKHRUJDQL]HFRPPLWWHHRI0(3K,FRQIHUHQFHZKRJLYHVXVDQRSSRUWXQLW\WRSUHVHQW
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